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Abstract 

Conserving biodiversity is of utmost importance on a global scale. Species conservation, however, is a 
challenging task, which is often compounded by a lack of knowledge of target species. New advances in 
information technology and molecular techniques, however, are enabling conservation biologists to obtain 
large amounts of data quickly, which will certainly aid in assigning conservation priorities. This article 
reviews the use of genetics in conservation biology and highlights, using the Powerful Owl Ninox strenna as 
an example, how DNA can be a valuable source of data. {The Victorian Naturalist 126 (3) 2008, 92-97) 
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Uncontrolled manipulation of the world’s 
ecosystems has resulted in the current rate of 
species loss being higher than at any previ¬ 
ous time in human history (Soule 1991). This 
rapid decline in species richness, and the large 
number of species which are facing imminent 
extinction (Jetz et al 2007), has been the trigger 
for the rapidly expanding field of conservation 
biology, also described as a crisis discipline’ 
(Soule 1985). 

Crisis disciplines arise from urgency, where 
there is an immediate need to understand 
the processes causing the crisis and to obtain 
knowledge on how to prevent, rectify or mini¬ 
mise its effects (DeSalle and Amato 2004). Con¬ 
sequently, there is a rapid expansion of tools 
used to solve these problems (Meine et al 2006). 
Conservation biology is certainly one of these 
disciplines. It has benefited considerably from 
recent advances in both information technology 
and molecular biology techniques, which have 
enabled large amounts of data to be collected, 
stored and analysed. A large array of software 
packages designed specifically to interpret mo¬ 
lecular data have become readily available (Lowe 
et al 2004), and novel DNA markers provide a 
mechanism for understanding the ecology and 
biology of a diverse range of wildlife (DeYoung 
and Honeycutt 2005). 

The integration of information technology and 
molecular techniques has accelerated the speed 
and accuracy of genetic analysis (DeSalle and 
Amato 2004). High-through put sequencing 
and multi-plex genotypying allows for a large 
number of genetic samples to be processed si¬ 
multaneously (Bertorelle et al 2004). Newer ge¬ 
ospatial technologies such as geographic infor¬ 


mation systems (GIS) are also being integrated 
with genetic analysis, which has given rise to yet 
another relatively new discipline, landscape ge¬ 
netics (Manel et al 2003; Watts et al 2004). The 
integration of these tools is enabling conserva¬ 
tion biologists to collect data more rapidly, and 
provide improved management recommenda¬ 
tions (DeYoung and Honeycutt 2005). 

One of the major dilemmas that conservation 
biologists face is determining which species to 
conserve. It is impossible to monitor and man¬ 
age every aspect of biodiversity and therefore, 
using a single species as a target is often adop¬ 
ted as a conservation tool (Simberloff 1998, 
Favreau et al 2006). The ultimate aim of such 
an approach is to achieve community or eco¬ 
system conservation by protecting a surrogate 
species. Surrogate species can have varying lev¬ 
els of ecological importance within ecosystems 
and therefore the identification of appropriate 
targets can deliver wider conservation goals 
(Wilcove 1993). 

Keystone taxa are often selected as surrogate 
species (Simberloff 1998). These are species 
that have a critical ecological role in their eco¬ 
system, where their disappearance has major 
implications beyond what might b.e expected, 
considering their biomass or abundance (An- 
delman and Fagan 2000). Identification of such 
species is beneficial for conservation, as their 
presence assures the ecological integrity of the 
communities they influence (Simberloff 1998). 
Keystone species, however, are difficult to iden¬ 
tify without intricate knowledge of ecosystem 
dynamics, and there have been few detailed 
studies of keystone species (Simberloff 1998). 
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Surrogate species may also act as umbrellas, 
flagships or indicators. Umbrella species are 
often high-trophic-level mammalian or avian 
predators (Ozaki et al 2006) which typically 
occupy large areas of habitat (SimberlofF 1998). 
The protection of an umbrella species should 
theoretically save an entire suite of sympatric 
species with less demanding habitat require¬ 
ments. Flagship species are those with high 
public appeal, usually large charismatic verte¬ 
brates, which are often used to promote envi¬ 
ronmental awareness (SimberlofF 1998; Caro et 
al 2004). The protection of flagship species and 
their habitat will lead to wider conservation 
benefits, where other species which share the 
same resources will inadvertently be protected 
(Andelman and Fagan 2000). Indicator species 
share some of the same habitat requirements as 
species, communities or ecosystems for which 
they indicate (Favreau et al 2006) and there¬ 
fore can be used to monitor ecosystem condi¬ 
tion and health (SimberlofF 1998). Although 
surrogate species are often employed by con¬ 
servation biologists to help tackle conservation 
problems, the choice of particular surrogates is 
largely ad hoc (Landres et al 1988). The use of 
surrogate species (umbrellas, flagships and in¬ 
dicators) has been found to have limited con¬ 
servation benefits for protecting regional biota 
(Caro et al 2004) and greater care in the choice 
of surrogate species may be required if they are 
to be successfully used in conservation biology 
(Caro and O'Doherty 1999). 

Raptors as surrogate species 
Humans have been fascinated with top-order 
predators such as raptors throughout history 
(Sergio et al 2006). The charismatic appeal of 
these species has resulted in top-order predators 
being used as conservation targets for example, 
as flagship species to acquire financial support 
(White et al 1997), raise environmental aware¬ 
ness (van Balen et al 2000) and plan protected 
area systems (Andelman and Fagan 2000). Rap¬ 
tors are often perceived as highly sensitive with 
respect to their habitat and resource require¬ 
ments, and therefore sensitive to habitat modifi¬ 
cation (Boal and Mannan 1999). They also have 
a low tolerance to disturbance (Thiollay 2006) 
where their breeding success, for example, is 
reduced by anthropogenic threats. Due to their 
vulnerability, raptors have been used as indicator 
species, where their presence can be an indica¬ 


tion of a particular habitat quality (Sergio et al 
2006). 

Owls are often used as flagship species for 
conservation campaigns, probably none more 
so than the Northern Spotted Owl Strix occi¬ 
dentals caurina in the United States of America 
(SimberlofF 1998). The mandatory requirement 
for the US Forest Service to use management 
surrogate species led to the Northern Spot¬ 
ted Owl becoming the flagship for the Pacific 
Northwest Region of the USA (Dunk et al 
2006). The rationale for the decision was three 
fold: (1) it was a threatened species; (2) it was 
charismatic; and (3) it was reliant on large 
amounts of old-growth forest (Lamberson et al 
1992). As the Northern Spotted Owl requires 
large areas of old growth forest for its survival 
and reproduction, it was assumed that many 
other species, which also rely on old growth 
forest, would retrospectively be protected 
(Lamberson et al 1994). The conservation of 
the Northern Spotted Owl would therefore 
serve not only as a flagship species but also as 
an umbrella species. 

Similarly, in Australia the Powerful Owl 
Ninox strenua has also been used as a surrogate 
species, particularly in regard to forestry opera¬ 
tions and urban planning (Loyn et al 2001). To 
help protect the Powerful Owl from the adverse 
impacts of timber harvesting, large amounts 
of forest have been reserved in Powerful Owl 
management areas (POMAs) to provide suffi¬ 
cient habitat for the owl (McCarthy et al 1999). 
The conservation of this habitat should also 
protect sympatric species within these forested 
environments; so the Powerful Owl is serving as 
an umbrella species within these ecosystems. 

The charismatic appeal of the Powerful Owl 
has led to its high public profile. It is often used 
as a flagship species for urban development. 
A recent example was in the development of a 
major freeway extension in Melbourne's outer 
eastern suburbs. The presence of the Powerful 
Owl in the Mullum Mullum creek corridor was 
used by conservationists to rally against the 
proposed new freeway developments. Media 
releases stated that ‘ ... the Powerful Owl lived 
up to its name in the eastern suburbs’ because 
the government committed $326 million to an 
alternative freeway route, including a 1.5 km 
tunnel under the Mullum Mullum Creek cor¬ 
ridor to protect habitat for the Powerful Owl 
(Tinkler 2004). While original flora and fauna 
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Female Powerful Owl Ninox strenua. Photo by Fiona Hogan 
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Fig. 1. The distribution of the Powerful Owl in Australia (adapted from Higgins 1999) 


surveys of the Mullum Mullum creek corridor 
revealed that the proposed area of construction 
contained high intrinsic habitat value and that 
effects of the proposed development on flora 
and fauna would be considerable (Department 
of Conservation 1990), this report made no 
specific mention of the Powerful Owl. Regard¬ 
less of this, the Powerful Owl was still used as a 
flagship species in this instance, and implemen¬ 
tation of the report was successful in preserv¬ 
ing valuable habitat within the urban matrix of 
Melbourne. 

The Powerful Owl is the largest and arguably 
the most charismatic owl species in Australia. 
It is endemic to Australia and is distributed 
across the three eastern mainland states: Vic¬ 
toria, New South Wales and Queensland (Fig. 
1). It has a limited distribution along the east 
coast (Garnett and Crowley 2000), where hu¬ 
man population density and urban growth are 
also particularly high (Luck 2007). 

The Powerful Owl is of international concern 
and is listed in Appendix II of CITES (Conven¬ 
tion on International Trade of Endangered Spe¬ 
cies of Wild Fauna and Flora) and considered 


Least Concern by the IUCN (2001 IUCN Red 
List of Ihreatened Species). Nationally, it is 
classified as of conservation significance (Hig¬ 
gins 1999) and vulnerable within the States 
of Victoria (Department of Sustainability and 
Environment 2003), New South Wales (Olsen 
1998) and Queensland (Olsen 1998). 

Risks to the persistence of Powerful Owls 
pertain largely to the loss or degradation of 
essential habitat (Brouwer and Garnett 1990). 
Traditionally perceived as a habitat and dietary 
specialist, the Powerful Owl was thought to 
require continuous tracts of old growth forest 
(Schodde and Mason 1980; Debus and Chafer 
1994). The large body size and high metabolic 
rate of Powerful Owls necessitates a large, en¬ 
ergy-rich diet, comprising medium-sized arbo¬ 
real prey such as possums (Webster et al 1999; 
Cooke et al 2002a) and successful reproduction 
requires the presence of tree hollows suitable for 
nesting (Cooke et al 2002b). Current research, 
however, suggests that the Powerful Owl is 
more adaptable than once perceived, inhabiting 
forest and woodland remnants close to major 
urban centres, including Brisbane, Melbourne 
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and Sydney (Fig. 1) (Pavey 1993; Cooke et al 
2002a; Kavanagh 2004). It is uncertain whether 
owls in these urban centres are remnant popu¬ 
lations (Kavanagh 2004) or are associated with 
the abundance of potential prey species and the 
increased protection of remnant patches within 
the urban matrix (Cooke et al 2006). 

The presence of Powerful Owls in major Aus¬ 
tralian cities is of importance, especially con¬ 
sidering the conservation significance of this 
species. Surveys conducted by Miller (2003) in¬ 
dicated that Victorians have a relatively strong 
emotional attachment to individual animals 
and are interested in learning about wildlife and 
the natural environment. The presence of the 
Powerful Owl in urban environments, there¬ 
fore, provides the opportunity to use the charis¬ 
matic appeal of this species to promote environ¬ 
mental awareness amongst city people, and as 
a surrogate species for conservation. However, 
in order to successfully use the Powerful Owl as 
an umbrella, flagship or indictor species, further 
knowledge about its ecology, biology and habi¬ 
tat requirements is fundamental. 

Although the Powerful Owl has been the fo¬ 
cus of numerous studies over the past 30 years, 
knowledge on many aspects of its ecology and 
biology remain unknown. Most published 
studies have focused on diet (e.g. Chafer 1992; 
Debus and Chafer 1994; Cooke et al 1997; 
Webster et al 1999; Cooke et al 2002a; Cooke 
et al 2006) and habitat preference (e.g. Schodde 
and Mason 1980; Debus and Chafer 1994; Ka¬ 
vanagh 1998; Cooke et al 2002b). Critical data 
on other aspects of Powerful Owl biology and 
ecology, such as mating systems, population 
structure and dispersal are currently unknown. 
Their dispersed distribution, low population 
densities, nocturnal activity cycle and difficulty 
in establishing the identity of individual birds 
has inhibited the collection of this informa¬ 
tion. 

The use of genetics in conservation biology 
Conservation genetics presents an opportunity 
to reduce current knowledge gaps in ecologi¬ 
cal studies. Genetic information can strengthen 
conservation knowledge and ensure that ra¬ 
tional management decisions are made (De- 
Salle and Amato 2004). Microsatellites (short 
tandem nucleotide repeats) have become the 
genetic marker of choice for studies of intraspe¬ 
cific variation of wild populations (DeWoody 


2005). A limitation of this approach is that mic¬ 
rosatellite markers usually have to be developed 
for the species under investigation (Sunnucks 
2000) which can be time-consuming and costly 
(Piggott and Taylor 2003). Once developed, 
however, microsatellite markers can be used in 
other closely related species, so that the devel¬ 
opment process does not need to be repeated 
for every species (Piggott and Taylor 2003). 

A number of microsatellite markers used in 
combination, can provide a DNA profile which 
can unequivocally identify individuals (Piggott 
and Taylor 2003). Hogan et al (2007) devel¬ 
oped a suite of 14 microsatellite DNA mark¬ 
ers from the Powerful Owl. The resolution of 
these markers was sufficient to provide a prob¬ 
ability of identity (P ]D ) of 0.0001 (1 in 10 000) 
for unrelated Powerful Owls, which is more 
than sufficient for a species with a relatively 
small population size (-7,000 breeding adults) 
and sparse distribution (Garnett and Crowley 
2000). Individual DNA profiling allows for 
crucial elements of the breeding ecology to be 
assessed and the relatedness of individuals to 
be determined which can identify inbreeding 
(Galeotti et al 1997). When gender is inferred 
by employing sex-specific markers, DNA pro¬ 
filing can be an extremely valuable tool, for 
identifying putative parents, inferring mating 
systems, assessing sex bias dispersal and sex- 
ratios of offspring. 

Genetic analysis traditionally required large 
amounts of DNA, therefore, studies involving 
wild animals employed destructive sampling 
where the animal was killed to obtain tissue 
samples (Taberlet et al 1999). An alternative 
was to capture the animal to obtain tissue sam¬ 
ples without killing it, but this is traumatic and 
accidental death can occur. These two types 
of sampling have the advantage of providing 
abundant good quality DNA (Taberlet et al 
1999); however, neither are conducive to con¬ 
servation biology. Another disadvantage of the 
non-destructive sampling is that capture may 
alter the normal behaviour of the individual 
being studied (Morin et al 1994). 

Development of the polymerase chain reac¬ 
tion (PCR) in the early 1980s (Saiki et al 
1985) enabled very small amounts of sample 
to be used for genetic analysis. PCR involves 
DNA sequence being amplified or copied’ by 
enzymatic reaction in vitro , using short pieces 
of DNA (primers). Millions of copies of the 
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target DNA sequence can be produced, which 
can subsequently be used for a range of genetic 
analyses. PCR enables the implementation of 
non-destructive and non-invasive sampling 
techniques, where DNA can be obtained from 
small amounts of tissue (biopsy samples), 
blood, feathers, hair or trace material left by the 
animal. PCR has therefore provided the great¬ 
est breakthrough in terms of genetics in con¬ 
servation biology, as it has eliminated the need 
to destroy animals for research. 

PCR has made possible the alternative sam¬ 
pling technique of non-invasive genetic sam¬ 
pling (NGS), where DNA left behind by an ani¬ 
mal, such as shed hair, scats and feathers can be 
collected (Waits and Paetkau 2005). The attrac¬ 
tiveness of this technique is the opportunity to 
obtain genetic material from free-ranging ani¬ 
mals without having to catch, handle or even 
observe them (Taberlet and Luikart 1999). This 
technique is especially valuable when study¬ 
ing species that are rare, endangered or cryptic 
(Piggott and Taylor 2003), where using invasive 
study methods such as trapping is neither feasi¬ 
ble nor appropriate (Greenwood 1996). 

Shed feathers are a readily available DNA 
source from species which regularly moult, such 
as the Powerful Owl. Feathers can be collected 
from underneath roosts and easily identified 
through comparison to museum specimens. 
Hogan et al (2008) demonstrated that a large 
number of DNA samples (shed feathers) can 
be collected over a large spatial scale, within 
a relatively short period of time. This mode of 
DNA sampling is revolutionary for ecological 
studies, and will provide data which otherwise 
would be impossible to obtain through tradi¬ 
tional ecological techniques such as banding. 
The analysis of DNA extracted from samples 
can provide a wealth of information such as in¬ 
dividual identification, estimates of relatedness, 
pedigree reconstruction, sex identification, es¬ 
timates of census and effective population size, 
and the level of genetic polymorphism within 
or between populations (Taberlet and Luikart 
1999; Piggott and Taylor 2003). Information 
obtained from such genetic data will greatly 
improve our knowledge about the biology and 
ecology of species, such as the Powerful Owl, 
which can further be disseminated into man¬ 
agement strategies and subsequently enhance 
the effectiveness of future conservation efforts. 
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